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A sys t ema t i c  a n a l y s i s  of l i n e a r  momentum t r a n s f e r  
f o r  t h e  t o t a l  r e a c t i o n  c ros s  s e c t i o n  i n  proton-induced 
r e a c t i o n s  i n  t h e  in termedia te-energy regime has been 
performed. Measurements involved u se  of t he  f i s s i o n  
fragment angular  c o r r e l a t i o n  technique .  Data a r e  shown 
f o r  pro ton  ene rg i e s  of 40, 90 and 150 MeV i n  Fig.  1. 
L inea r  momentum t r a n s f e r  d i s t r i b u t i o n s  der ived  from 
t h e s e  d a t a  were co r r ec t ed  f o r  t h e  e f f e c t s  of s p a l l a t i o n  
products .  
Over t h i s  e n t i r e  region  t h e  pro ton  is found t o  be 
t h e  most e f f e c t i v e  agent  of l i n e a r  momentum t r a n s f e r  on 
a pe r  nucleon b a s i s  when compared wi th  complex 
p r o j e c t i l e s .  While our d a t a  a r e  i n  gene ra l  agreement 
wi th  previous  measurements a t  150 MeV, t h e  lower energy 
r e s u l t s  do not suppor t  t h e  concept of p r o j e c t i l e  
s c a l i n g  i n  t h e  energy region  E/A = 20-70 MeV, a s  
p r ev ious ly  suggested . Maximum average  va lues  of 
< p a >  = 300-350 M e ~ / c  a r e  observed,  compared wi th  
h e a v i e r  i ons ,  f o r  which maximum va lues  a r e  <pg>/A - 150 
~ e V / c .  This  p r o j e c t i l e  dependence can be q u a l i t a t i v e l y  
exp l a ined  on t he  ba s i s  of t h e  l o n g i t u d i n a l  l i n e a r  
momentum t r a n s f e r  p r o p e r t i e s  of elementary N-N, d-N and 
a-N s c a t t e r i n g  c r o s s  s e c t i o n s .  l 
These d a t a  can a l s o  be used a s  a cons i s t ency  check 
on e s t i n a t e s  of t he  nucleon mean f r e e  pa th  A a s s o c i a t e d  
with i n e l a s t i c  p ro j ec t i l e -nuc l eus  i n t e r a c t i o n s .  Using 
va lues  of A from Ref. 5 and de termining  t h e  number of 
c o l l i s i o n s  a s  i n  Ref. 1, va lues  of t h e  average l i n e a r  
momentum t r a n s f e r  a r e  c a l c u l a t e d  which a r e  i n  g e n e r a l  
agreement wi th  t h e  da ta .  These a r e  compared i n  Table I. 
Figure  1. Fission-fragment angu la r - co r r e l a t i on  d a t a  
f o r  40, 90 and 150 MeV proton-induced f i s s i o n  of 2 3 8 ~ .  
Right-hand column shows two-dimensional co inc idence  
contours  a s  a f u n c t i o n  of in-plane angle  OAB and 
out-of -plane ang l e  4. Dot i n d i c a t e s  most probable  
va lue  of t he  c o r r e l a t i o n  f u n c t i o n  and x i n d i c a t e s  t h e  
c a l c u l a t e d  va lue  f o r  complete l i n e a r  momentum 
t r a n s f e r .  The le f t -hand column p re sen t s  t h e  angu la r  
c o r r e l a t i o n  r e s u l t s  wi th  al l-out-of-plane even t s  
p r o j e c t e d  on t o  t h e  r e a c t i o n  plane.  Data a r e  shown 
both a s  a f u n c t i o n  o r  c o r r e l a t i o n  angle  OAB (lower 
s c a l e )  and t h e  r a t i o  of l o n g i t u d i n a l  momentum t r a n s f e r  
t o  t h e  beam momentum (upper s c a l e ) .  The c e n t e r  column 
shows t h e  angu la r  c o r r e l a t i o n  i n  t h e  4 dimension 
corresponding t o  t h e  c a l c u l a t e d  va lue  f o r  complete 
momentum t r a n s f e r  , QoAB. 
The major f e a t u r e s  of t h e s e  d a t a  can be understood 
i n  terms of i n t  r anuc l ea r  cascade c a l c u l a t i o n s .  
Precompound decay c a l c u l a t i o n s 4  a r e  s i m i l a r l y  
s u c c e s s f u l  a t  40 and 90 M e V ,  but d iverge  somewhat from 
t h e  s l o p e  of t h e  d a t a  a t  150 MeV. Comparison of t h e  
l i n e a r  momentum t r a n s f e r  d i s t r i b u t i o n s  wi th  
c a l c u l a t i o n s  a r e  p r e sen t ed  i n  Fig.  2. Both t he  cascade 
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Figu re  2. Comparison of expe r imen t a l  l i n e a r  momentum t r a n s f e r  d i s t r i b u t i o n ,  o ( p l l ) / a R ,  a s  a  f u n c t i o n  of momentum 
t r a n s f e r ,  pl,/pbeam, wi th  i n t r a n u c l e a r  cascade code and precompound decay p r e d i c t i o n s .  ( a )  Dashed ba r  shows t h e  
ALICE 851300 r e s u l t  and s o l i d  bar  i s  f o r  BME c a l ~ u l a t i o n . ~  ( b )  Dashed bar  shows cascade  code w i thou t  shor t - range  
c o r r e l a t i o n s  and s o l i d  bar  g ive s  r e s u l t s  which i nc lude  t h i s  e f f e c t .  
TABLE I 
Es t ima t e s  of p ro t  on-nucleus l i n e a r  momentum t r a n s f e r  proton-induced r e a c t i o n s .  The r e s u l t s  of t h i s  s t udy  
based on t h e  average  number of c o l l i s i o n s ,  <v>, a s  demonst ra te  t h a t  t h e o r e t i c a l  approaches  of t h i s  t ype  
de termined  from mean-free-path arguments (Ref. 5 )  and should  provide  an  impor tan t  f i r s t  s t e p  i n  t h e  
t h e  average  l i n e a r  momentum t r a n s f e r  i n  fundamental  N-N s a t i s f a c t o r y  d e s c r i p t i o n  of in te rmedia te -energy  
c o l l i s i o n s  (Ref.  1 ) .  r e a c t i o n s  induced by complex p r o j e c t i l e s .  
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